Abstract
Introduction
The rising prevalence of obesity in children and adolescents is already recognized as a serious public health problem in many parts of the world 1,2 . Wang et al. 3 have documented an increase in the prevalence of overweight among Brazilian youths (6-18 years old) from 4.1 to 13.9%, between 1975 and 1997, from 6.4 to 7.7% in China (between 1992 and 1998), and from 15.4 to 25.6% in the USA (between 1971-1974 and 1988-1994) associated with a decrease in the prevalence of underweight in these countries: 14.8 to 8.6% in Brazil, 14.5 to 13.1% in China, and 5.1 to 3.3% in the USA.
Data from regional and national surveys in Brazil have shown a decrease in underweight 4, 5 , a reduction of 6.5 percentage points and a worrying increase in overweight/obesity (from 3.7 to 12.6%) among adolescents in the last few decades 3 . The interest in assessing adolescents is relatively recent and there is a series of classifications used to define the nutritional status of individuals or the population. Thus, the results and interpretations of the studies may differ depending on the methodological strategy adopted 1, 6, 7 . The demand for a global approach to assess adolescents has prompted the World Health Organization (WHO) to define criteria to be used internationally 8 . The consensus was to use cutoff points of body mass index (BMI = body mass/ stature 2 ) for age derived from a re-analysis of the 1977 National Center for Health Statistics (NCHS) growth curves 9 . The purpose of the present study was to evaluate the influence of using different cut-off points of BMI for age 1, 6, 8, 10 in the assessment of the anthropometric nutritional status of the adolescent population of Niterói, Rio de Janeiro State, Brazil.
Methods
The data in the present analysis come from the Nutrition, Physical Activity and Health Survey (PNAFS), a household survey conducted in the city of Niterói, from January to December 2003. The city is located in the metropolitan region of Rio de Janeiro and according to the last Brazilian census, in 2000, there were 459,451 inhabitants 11 .
The data were collected following a two-stage probabilistic sample of households. In the first stage, 110 census enumeration areas (CEA) from Niterói were systematically selected, with probability proportional to the number of permanent private households observed in the 2000 population census 11 . Prior to selection, the CEAs were ordered from lowest to highest according to the head-of-household's mean nominal monthly income, thus implicitly stratifying the CEAs by mean income and ensuring the selection of CEAs from all income levels.
In the second stage, 16 households were selected in each CEA with equal probability, using an inverse sampling procedure 12 analogous to that applied to the World Health Survey in Brazil 13 as described in Bossan et al. 14 . All adolescents (10 ≤ age < 20 years old) that belonged to the selected households were surveyed, leading to a sample size of 1,734 households with 523 adolescents, after exclusions, refusals and losses, as described below.
Sample weights were calculated as the inverse of the product of selection probabilities in each stage 12, 13 and then calibrated to ensure consistency of the estimates with known population totals for post-strata, comprised of gender and age brackets 15 .
On a previously scheduled day, the head of household signed a free informed consent form, then answered a questionnaire about family and individual information 14 . For each adolescent, body mass (kg), stature (cm), physiological condition (if pregnant or nursing), and basic demographic data were obtained.
Body mass was measured once and stature was measured twice using standard procedures described elsewhere 14 . Data from one pregnant and one nursing adolescent, and two adolescents with missing limbs or limbs in casts were excluded from the analysis; 27 adolescents refused to be measured and 32 additional adolescents were unavailable to be measured even after three attempts.
BMI was calculated as body mass (kg) divided by stature (mean of the two measurements) squared (m 2 ). BMI for age and sex was used to determine the adolescents' nutritional status (i.e. underweight/thinness, adequate, overweight and obesity) according to three classification methods: the one recommended by the World Health Organization in 1995 (WHO-1995) 6, 16 ; the current method recommended by WHO-2007 8 ; and the International Obesity Task Force (IOTF) proposal 1, 10 . In the 1995 classification, despite the suggestion of using the triceps and subscapular skinfold thicknesses along with BMI for the definition of obesity, the publication indicated that BMI could be used alone to monitor excess body mass for nutritional surveillance purpose 6 . In fact, the recommendations were based on the BMI distribution values published by Must et al. 16 who recognized the value of using BMI because of: (1) the ease of calculating BMI; (2) the opportunity to work with self-reported information; (3) the adoption of BMI by several consensus; (4) the limitations of and difficulty in obtaining the skinfold thickness measurements. Furthermore, the WHO has recently proposed the use of BMI alone to assess the nutritional status of adolescents. Thus the 95 th percentile of BMI of the population adopted as a reference by WHO in 1995 6, 16 was used as one of the criteria to define obesity.
Descriptive analyses were carried out for continuous variables (i.e. age, body mass, stature, BMI) including minimum and maximum values, estimates of means and its respective standard errors (SE) and 95% confidence intervals (95%CI). For these variables, the differences between sexes were analyzed using the Wald test. BMI was categorized according to the three methods cited above (WHO-1995; WHO-2007; IOTF) to estimate the nutritional status. For thinness/low-BMI-forage classification according to Cole et al. 10 , grade 2 was used (the closest to the -2 Z scores actually recommended by WHO 8 ).
A comparison test for multiple proportions was conducted to evaluate if the prevalence of each nutritional status category differed significantly between distinct proposals of BMI-for-age cut-off points. The test consists of the estimation of 95%CI for differences among all possible pairs of prevalences at the same nutritional status category.
Prevalence ratios (PR), and its respective 95%CI, were estimated to identify the magnitude of proportional differences between prevalence estimates of each nutritional status category according to the three different proposals. The Taylor linearization method 17 was used to estimate variances needed to build 95%CI for PR. The WHO-2007 criterion was set as the basis of comparison.
For all test statistics a 5% significance level was used. 95%CI of prevalences were built using a multivariate procedure, adjusting alpha to the number of regions (parts) in which a total number of individuals was divided according to nutritional status categories. In order to guarantee that confidence intervals of the prevalence of each category are included in a 95% level of confidence simultaneously (e.g. if the sum of four prevalence is equal to 100%, to guarantee simultaneously a 95% significance level, it is necessary to use an alpha equal to 0,05/4). All estimates and statistical tests were based on structural information of the sampling design and calibrated weights, by using the survey library developed in R. Calibration residuals were also considered in the estimation of variance and derived statistics and tests. All analyses were conducted in R language using version 2. Table 1) .
The prevalence of overweight in males estimated by the current WHO recommendation (WHO-2007) 8 was significantly higher than the old WHO recommendation estimates (WHO-1995) 6, 16 , but it was not significantly different from the estimates using IOTF's 1, 10 . For female adolescents and for adolescents from both sexes, the same pattern was found, except that WHO-2007 estimates were also significantly higher than the IOTF's estimates ( Table 2 ).
The prevalence estimates of obesity using all three procedures (WHO-1995; WHO-2007; IOTF) were not different in both male and female adolescent populations. For the total (male + female) adolescent population, WHO-2007 and WHO-1995 estimates differed significantly from IOTF's estimates but did not differ from each other ( Table 2) .
Low-BMI-for-age/thinness prevalences for male and total adolescent population according to WHO-1995 cut-off points were the highest estimates followed by the WHO-2007 and IOTF estimates, consecutively, and all significantly different. Prevalences of low-BMI-for-age/thinness in girls were not significantly different (Table 2) .
Changing the cut-off values used to determine the nutritional status of adolescents from the older WHO-1995 to the new WHO-2007 recom- Table 1 Means, 95% confi dence intervals (95%CI), standard error (SE) estimates, and minimum and maximum values for body measurements and ages of female and male populations (≥ 10 and < 20 years) in Niterói, Rio de Janeiro State, Brazil, 2003 *. mendation resulted in significant 25%, 27% and 23% increases in overweight prevalence among total, male and female adolescent populations respectively (Table 3 ). There were significant increases (29% and 39%) in the prevalence of low-BMI-for-age among total and male adolescent populations, respectively, when IOTF's proposal was adopted instead of the WHO-2007 (Table 3 ).
Discussion
The limitations of BMI-for-age to define the nutritional status of adolescents have been widely described and consist of: (1) lower sensitivity to assess body composition in comparison to other measures such as skinfold thickness; (2) the imposition of age brackets that do not necessarily reflect the adolescent's physiological stage (developmental and maturational stages); and (3) not being able to identify central adiposity 18 . Despite these limitations, in the past few years there have been a number of ethnic-specific, regional, national and international suggestions of BMI-for-age cut-off values to define the nutritional status of adolescents 1, 8, 10, 19, 20, 21, 22, 23, 24 which makes comparisons between studies difficult. The present study has documented the problems of comparing the results of studies assessing the nutritional status of adolescents when distinct proposals for cut-off values are used. It is possible to illustrate this problem by comparing the prevalence of overweight in female adolescents of Niterói, from the present study, with the results of a study in schoolchildren from the city of Rio de Janeiro 5 , both samples from the Metropolitan area of Rio de Janeiro. Based on the criteria proposed by the IOTF 1 the estimates of the two studies are 13.9% and 17.7%, respectively.
If the estimates for the Niterói population had been obtained according to the WHO-1995 cut-off points there would have been a significant increase in the difference in comparison to the estimates for schoolchildren from Rio de Janeiro using the IOTF cut-off points (from 3.8 to 6.1 between studies). This represents a 59.5% increase in estimates, simply because it was not observed that the studies used different criteria.
It is also common to find comparisons of nutritional status in the literature that ignore distinct age brackets used to define adolescence. Many studies, out of convenience or sampling strategies, do not include all individuals from the 10-20 age range 6, 8 . For example, Anjos et al. 5 used a sample of 10 to 18-year-old schoolchildren from public schools in Rio de Janeiro. Vieira et al. 25 (p. 2998) concluded that "the IOTF classification is accurate for assessing overweight, but it underestimates the proportion of obese adolescents" by analyzing data from 10-12 years old adolescents only. Moreover, the authors have compared their prevalence, sensitivity and specificity estimates with other results derived from a study that have analyzed 12-18 years old adolescents 26 . Von Der Heyde et al. 27 have evaluated individuals aged 12-18 to assess the nutritional status of the "adolescent population" of Curitiba, Paraná, Brazil. In fact, when the purpose is to assess adolescents' nutritional status, individuals aged between 10 and 18, or 12 and 18, are considered adolescents. However, estimates for these groups, cannot be considered estimates for an adolescent population but for an adolescent population for a given age bracket, and the nutritional status assessed by anthropometry may vary significantly.
To illustrate this problem, estimates obtained in the present study were restricted to adolescents aged 10-18 and compared with the results of schoolchildren from Rio de Janeiro 5 using the same classification method (WHO-1995) 6, 16 . This comparison indicates a 11.1% and 15.5% prevalence of overweight among male adolescents from Niterói and Rio de Janeiro public schools 5 , respectively; a 4.4 percentage points difference. Ignoring differences in age brackets that define an "adolescent population" (10-18 years in Rio de Janeiro and 10-19.9 years in Niterói) the prevalence estimates of overweight in male adolescents in Niterói is 8.8%. Hence, there is a 52.3% increase in difference between male adolescent estimates from the two studies, from 4.4 percentage points to 6.7.
Jinabhai et al. 28 compared the prevalences of overweight and obesity in South African Black school-goers aged 13-17.9 years according to IOTF's BMI-for-age cut-off values 1 with other studies from several countries that had used the same criteria. However, different age brackets were used in the studies, and most of them mixed children and adolescents in one age bracket. Abalkhail 29 concluded that increase in overweight and obesity prevalences among Saudi students coincide with increases documented in the USA and Western European countries but different classification methods and age brackets were used in the studies. A study by Serra Majem et al. 30 compared obesity prevalences among European children and adolescents based on studies that used different age brackets, BMI-for-age cut-off values, and even different anthropometric and body composition indexes. The results of the present study indicate that such comparisons should be made with extreme caution.
Despite the validation of BMI-for-age as an index for predicting overweight/obesity and underweight in adolescents 31 and its correlations with body fatness 32 , risk indicators for cardiovascular diseases 33 , dyslipidemias 34 , and mortality in the long-term 35 it is important to notice that when it comes to classification methods, those correlations may vary according to the cut-off values adopted. Mei et al. 31 have validated the use of BMI-for-age to predict overweight and underweight using the age-and sex-specific BMI reference developed by the Centers for Disease Control and Prevention (CDC) 7 . However, it is important to stress that it was validated using CDC's reference, and this conclusion could change if the nutritional status of the adolescents had been defined by the WHO-2007 classification instead of CDC's 7 . Additionally, although validation is essential, now that there is a definition of an international recommendation to assess nutritional status in adolescents (with inherent method limitations) what is really important is that national and regional estimates use a common method to allow comparisons within and between countries. Even if a country has developed its own reference, and even if it were more adequate to follow its adolescent population, it would be very helpful to present estimates according to an internationally recommended method, which would allow the identification of moves in the gaps between and within countries and continents 1, 6, 25 .
Along these lines, it is necessary to keep investing in the identification of cut-off values that are able to predict adolescence and adulthood health status, body fatness, and risk for noncommunicable diseases. So far, the cut-off values have been defined essentially based on population distributions 16 or by projecting values to adulthood 1,10 without necessarily establishing a relationship with health outcomes. There are, however, a few studies in this direction. For example, Sardinha et al. 36 have estimated BMI values that correspond to the 25% (boys) and 30% (girls) body fat percentage cut-off values proposed by Williams et al. 37 for boys and girls based on risk factors for cardiovascular diseases and dyslipidemia. The BMI values varied from 20 to 24kg/m 2 depending on age and sex. These values are closer to overweight rather than the three BMI-for-age cut-off values used in the present study to identify obesity (WHO-1995; WHO-2007; IOTF).
The comparison between the WHO-1995 6,16 , IOTF 1, 10 and WHO-2007 8 classification methods have documented that a simple change in cut-off values used to define the anthropometric nutritional status of adolescents can significantly modify the nutritional profile of an adolescent population. The updated BMI-for-age cut-off values recently recommended by WHO has resulted in significant increases in the prevalence of overweight among total, male and female adolescent populations (25, 27 and 23%, respectively) of Niterói. On the other hand, despite the absence of significance in this study, it is expected that relevant reductions in the prevalence of low-BMI-for-age may occur. This is critical when comparing changes across time to avoid attributing reductions to interventions or public policies when in fact it could just be due to a change in methods. Until there is a uniform internationally-agreed consensus, it would be helpful if studies presented estimates using several cut-off values, allowing comparisons with older studies so that disparities between and within countries and between different points in time could be properly assessed. 
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